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PREFACE 

The hydraulic model s tudies  of the  Green Mountain Dam Spillway of 
t he  Colorado-Big Thompson project ,  Colorado, were made i n  t h e  Denver 
laboratory, The work was s t a r t ed  i n  July 1936, and completed i n  December 
of the  same year. The or ig ina l  d r a f t  of t h e  report was i n  memorandum form-- 
Memorandum t o  J. E. Warnock, from J, H. Douma, dated January 10, 193Ye 

The ca l ib ra t ion  of the @-inch regulating tube valves, 1 t o  8.333 
scale  model, was made i n  19&3. The spillway discharge curves were prepared 

Urgent work i n  the  laboratory prevented an e a r l i e r  completion of t h e  
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INTRODUCTION 

The p r o t ~ t y w  s t r u c t u r ~ ,  Green Mountain Dm i e  located on the  Blue 
R ~ V ~ P ,  a t ~ i b u t o r y  of the Colorado R i v e r ,  a b u t  15 mils8 south of Xmmulfng, 
Colorado ( F a r r e  L). The daq proper consis ts  of an e a r t h f i l l  s t m c t w e  
atppmximaP,ely 1,200 feet  i n  length and 270 feet high at the deepest park 
of the river, The rnaxbum reservoir c a p c i t y  i s  1.47,000 acre-feet and is 
u t i l i zed  for  power and i r r iga t ion  developaent, 

The spillway, which is  designed for  a ineocimum capacity of  25,000 
second--feet, is a t  the l e f t  abutment of the  dam, The approach t o  the  
gate section consists of a curved channel, Three radial gates, each 25 
feet wide by 22 feet high, control the  flow to the chute, The chute, 
appmfmately 1,000 feet  long, discharges the  flow d h e c t l y  in to  tho r iver  
channel below the toe  of the dm (Figure 2), 

Two 44-inch regulating tube valves, which serve as the ou t l e t  works 
f o r  the dam, a re  located in the  pornsrhouse. 

Ltop of t e s t s ,  14odel studies were undedaken with five primary 
o b ~ e s t i v e s  3n mind: (1) to establ ish the minimurn  radius of curvature of 
the  i n l e t  channel for sat isfactory hydraulic perfonnanee, (2) t o  determine 
the  efficiency of the spillway cres t  and bridge piers, (3) t o  obtain the 
most economical and effective hydraulic design of the s p i l l m y  chute, 
(4) t o  determine the extent of downstream erosion and t h e  possibi l i ty  of 
employing solas type of spillway sti l l ing-basin to  prevent scour, and (5)  
t o  ca l ibra te  the &-inch regulating tube valves, 

Summary and recommendations. The model studies showed t h a t  both 200- 
and 400-foot radius in l e t  channels were satisfactary. It was therefore, 
recommended tha t  the 20Gfsot radius be ut i l ized.  

Satisfactory performance was obtained i n  the model from the  original  
u deaign of the spillway c res t  and bridge piers ,  Discharge curves were pre- 

pared and are presented i n  this report, 

Operation of the or ig ina l  chute design indicated that t h e  chute 
sidewalls conve~ged too rapidly for sat isfactory performance, An improved 
design was evolved from the model studies. 



a r t i f i c i a l  &fllfng.Jbasfn, 7.2) with poller-bucket dissipater, and (3) n i th  
horizontal a p n  s t i l l i ng -bash ,  Node1 experiments wore not made on the 
horfeontal a p n  type, Both types of ax%ificial st i l l ing-baains t~5.M 
proved meconomfea3, fbs this project, The original  d e s 9 e  was recmmnmded, 

A discharge alhement chart  waa prepwed fo r  one &-inch regulating 
tube valve for t h e  out let  worpka, 

The apfPlwa,vmdql, A h t o  bO ~ c s f e  model 0% %he Green Mountain D m  
~ p f l ~ b y  oms eonstsuc%d in the  Denver hydraulic; labomtoryo F i m  3 
shows the general layout of the model an8 eonstmctfon de ta i l s ,  A m d e l  
flood discharge of 2,470 seeond-feet represented the  mototype design flood 
of 25,000 second-fee%. 

A_ep~ooaah8ee'r-~1 .a~f_nnm~-e,,, The spillway approach l a  curvgd Jn plan. 
Exeavatced m a & e k i a 4 _ ~ a y , ~ m a c , h  channel was use8 i n  the earth 
ekmctum, and since t h i s  mat%kal w a s  suitably located, the  orfgbnal plan 
oe;lled for a large inla&, p m v f d d  the excavation d i d  not eccteml into rock, 
Should rock be encoun%ered, the plan was t o  have t he  smallest radius inlet 
hyd~aulically poss f blo , 

Operation of b00- and 200-*foot radius i n l e t s  w a s  studied in  the model, 
ObaervatLon and measu~menks showed the  smallor inlet t o  be aa satiafaetopg, 
hgdraulically, as the larger  i n l e t  ( ~ f ~ u r e s  4 and 5 ) ,  Water supfmes in 
the two approach-channels appeased tho same ond profi les  at. Stat ion w90, 
which are not pr~ssented herein, were i d m t f c a l ,  Spillway discharge coefff- 
efents  m8.e pkae%fcally the  erne for t h e  $nleta, Owing t o  surface 
wave dia&u?mlcee in the 2OLSoot radius i n l e t  channel, it 'traa considered 
rmdeeirable t o  fir the^ reduce the radius, 

ach channelo Oboekvation8 and meaau~emants of 
e wich the l eve l  approach floor indicated 

rslfgh%ly unsymmetrical flow, which, it was thoug'nr., might h m  originated 
i n  t h e  cu~vedi inlet, To investbate t h i s  point, the  velocity dis trfbut ion 
ahead of the gate  s'trructuuoe was determined by taking velocity measurements 
a t  Stat ion 9#0, The velocity distvcibution was not qui te  symmetrical, 
which may have rsaulted in somewhat uneven chute flow, The discharge, as  
detemSned by the velocity .area method, was s l ight ly  different  for each 
gate, but the diffesence was pmbably hafgnffisant, A study of the 
unbalancled f l o w  patkern in tine ci~u*ce led to t h e  conclusion %ha\', energy per 
uni t  width through the right. gate was greater t h a n  tha t  through the le f% 
gate, whlsh was later v e ~ i f i e d  by the measwmenta, 

From the theory of a c u m 4  channel, t o  have equal energy distr ibut ion 
in a transverse section, the bottom must be suporelevated towards'its 
minimum radius, t2ppmximte ocrmputations by the design section indicated 
that t he  suparelevation should be about 8 feet, To t e s t  the theory, the 
superelevation was made 4 fee t .  The re su l t  was a decrease in discharge 



in mein velocity through the r ight  gate was about 25 percent. The flow in 
the chute became more unbalanced than f o r  the level  i n l e t  f loor ,  This i s  
contrary t o  the theory, It was apparent tha t  other factors  also seriously 
influenced the flow through t h i s  type of curved channel. The unsymmet- 
r i c a l  change from ti trapezoidal.*o rectangular section i s  probably 
significant i n  the  developnent of the flow pattern. 

* Although the level  fn le t  floor resulted i n  a s l ight ly  unbalanced 
flow in the chute, t h i s  condition should not be serious as excess free- 
board has been provided. The level  approach floor was therefore 
recommended, 

Overflow c res t  calibration, Discharge measurements were first made 
with t h e  40O-foot radius inlet'for a l l  gates open and combinetPons of 
one o r  two gates open. The experimental discharge coeff icient  for  a l l  gates 
opon and 25,000 second-feet was 3,21, which compares favorably with the 
design coefficient of 3,23, The free dischsrge curve f o r  t h i s  condition i s  
shown on Figure 6 ,  The correspnding msximum reservoir elevation is 
7950,12, or 0,12 foot above the design nwchxm which i s  within cxprimenhl 
error, For single-gate operation, the center gate showed the la rges t  
coefficient,  the  l e f t  gate s l igh t ly  smaller, and the r igh t  gate the  mnerlbest, 
The variation, however, was l e s s  than 4 porcent, 

Discharge measurements were not made f o ~  partial gate openings, Data 
for discharges fo r  pa r t i a l  gate openings were obtained fmm model studies 
of Wheeler Dam, (Technical Memorandum Number 407, Hydraulic Modd axper3- 
ments for the design of Wheeler Dam, by J. W. B a l l ,  Figure 29, Page 160.) 
The discharge curves ( ~ i p r e  6)  are fo r  three gates operated a h l t a n e o u s l y .  
For small gate openings wfib~e only one o r  two gates are open, one-third 
OF two-thirds of the value in the discharge curves may be used with no sig- 
niffcent error ,  At laxgsr openfigs, with gates at dif ferent  settings, 
proportionate valuea of t h e  rating curve w i l l  give reasonable resul ts .  
Uniform gate operation i s  recommended a t  all discharges to maintain sgmmetsi- 
c a l  flow i n  the  chute, 

These discharge cumma, Figure 6, have been In use in the  f ie ld .  An 
extensive se r i e s  of t e s t s  is being performed on r ad ia l  gate discharge 
meaawmnts  in the Labaratory at  the present tima, &fore accurate discharge 
curves 8X% forthcomfne. 

That the pier  design is an ef f ic ient  one is s h m  by the fact t ha t  the 
discharge coefficient for  the maximum head was increased only 0.7 percent 
h e n  the pless were removed, 

Experimental discharge foxmuhe. Deaiegrers se lec t  a discharge 
coeff icient  to s u i t  the-type of overflow crest and p lo t  a rat ing from 
figures heed on the selected coeff i c l en t  for all hsads, There-are asvwal 

r factors  uhich influence t h e  value of the coefficient, of which the head is 
probably the  most important. The experimental variation of the coefficient 
with head is s h m  in Figure 7, For very 101: heads, f r ic t ion  becomes 



fo; the prototype f o r  coiresponding hoads, It is  necessary t o  study 
prototype measurements t o  detammins the relationship between model and 
prototype coeff ic ients  f o r  low heads, The percentage difference i n  
experimental and design ra t ing curves, Figure 7, becomes large f o r  small . heads, being 80 percent for  a prototype head of two f e e t  in t h i s  case, 

The following equation f o r  t h e  discharge with two piers  i n  place, 
% 2 f e e t  6 inches i n  width, was determined t o  fit the experimental curve: 

For the  case without piers:  

CLH ' 3/2 

where the  nomenclature is  the same as shown in Figure 7, The l a t t e r  
fonnula cioea not fo l loo  tho experimental curve closely f o r  mall heads, 
but it might more rrearly approach the  prototype curve in t h i s  region, 
The va l id i ty  of these formulae for use In design can only be established 
through prototype m e a s ~ e n t s .  

Spillway chute alfnemant, Operation of t he  or ig ina l ly  designed 
s p i l l m y  chute showed that tKe channel convergence downstream from the 

I &te s t k c t u r e  m8 t oo  rapid, resulting in uniwn tmnaVarse water 
aurfaces over t he  entire chute length (F- 8 ) ,  klater was concen- 
t r a t ed  In t h e  center, higher than the aide walls at Stat ion 12442, and 
nearly overflowed the  wal ls  at Stat ion 13453 (Figures 9 imd lOh), 

Several ammller angles of divergence weme t es ted  and the design 
shown in Figure  11 p v e d  aatiafactory,  Slnc~e t h e  lower pertion of the 
chute was t o  be in rock, a trapezoidal sectio~n with 1/2 t o  X aide slopes 
would be -re a c o n ~ c a l  than a rectangular scsction, Rock was not - 
ancountered unt i l  Stat ion 1#00 was reached, ISO the upper converging 
section was tes ted  with v e r t i c a l  side -ao A t rans i t ion ,  f k o m  vertical 
t o  a 112 t o  1 aide slope, fmm Stat ion w22,:~9 t o  Station 15#9&,22, 
represents t h e  minimum length t h a t  gave aatis:ractory flow conditions, 
in the  lower part of t h e  chute, The recorrenentid deaign and resulting 
water-surface pmfiles at several  s t a t ions  along the  chute a m  shown in 
Figure U, Photograph of the recommended chute design are shown OR . Figures 10B and 12, 

1 Figtare 13 showa the  maximum uatolksurfacts elevations at e i t h e r  aide 

i w a l l  as detaxdned $mrn all gate  cmbinafiona, The side-wall height was 



I n ra iment  of a i r  w i l l  reduce t h i s  freeboard considerably. 

Water-surface profiles f o r  combinations of one- and two-gate 
operation are shown i n  FQure 14. Under no condition did the  water come 
dangerously close t o  the top of the  chute walls. 

Comparison of 600-foot radius chute ver t ica l  curve w i t h  je t  
t ra jec tor ies ,  The theoretical equation f o r  the  j e t  t ra jec tory  based on - 
t h ~ s  mean velocity a t  the beginning of the curve is 

1sh.e r e 
y =  horizontal distance i n  f ee t  
x =  ver t ica l  distance in f ee t  
8 = angle of the chute f loor  wi th  the  horizontal 
g = acceleration due t o  gravity 

Vo = i n i t i a l  velocity in f e e t  per second 

T h i s  equation was used i n  designing the ver t ica l  curve of the Kittitas 
Chute, Y a k b s  Fluoject. 19ecent operation of t h i s  chute ahowed the verti-  
c a l  curve t o  be entirely too steep. So much water sprang from t h e  chute 
over the s ide walls tha t  safe operation was limited t o  about one-half of 
th'e maximum d i  scharge, 

To prevent m y  disruption of the jet ,  the  t rajectory should be 
dsisigned for at  l e a s t  t h e  velocity a t  the beginning of the trajec- 
tolry, Assuming a maximum velocity equal t o  120 percent of the mean 
ve:Loc ity, the t rajectory equation becomes : 

y = - x t a n 8 -  R a x? 
2 2 . 8 8 e  cos 9 

When a mass of water-air mixture passea over a convex ver t ica l  curve 
a t  hi@ velocity, t h e  reduction of in terna l  pressure within the  mas8 due 
t o  centrifugal action, resul t s  i n  an expansion of the air  bubbles within 
the mass, effectively reducing the action of gravity, v!hicf~ then requbes  
f l a t t e r  slopes t o  prevent disruption 6f the  j e t .  A more conservative 
design formula m u l d  perhaps then be 

2 
y = - x t ~ 8 -  g x 



design cumre, would indicate-that there w i l l  be very l i t t l e  disruption of 
the j e t  i n  the present design as was the case of the Ki t t i t a s  Chute, 
Figure 15, The capacity w i l l  not be seriously impaired, as was tha t  of 
t he  Ki t t i tas  Chute, 

Mean water surface, velocity, hydraulic gradient, and value of a 
q alonk chute, The mean water surface (Figure 16) is drawn from computed 

depths a t  the several s tat ions a t  which measurements were taken, Velocity 
curves are  shown as determined by three methods: 

v== ; V- A&%-. R 
n 

2'3~1/2 , with n = O, OU; and by experiment. 

A model value of n = 0,012 was selected fo r  the painted wood and neat 
cement surfaces i n  computing the model energy l ine ,  With a prototype value 
of n equal t o  0,014, the  prototype loss  i s  greater than the model loss  and 
its energy l i n e  falls below the model energy l ine ,  Prototype veloci t ies  
w i l l  be s l igh t ly  l e s s  than corresponding scaled model veloci t ies ,  

A hypothetical experimental energy l i n e  may be plotted f o r  the.mode1 
by adding velocity head t o  the water-surface elevation, The t rue  model 
energy l ine  i s  obtained by subtracting the f r i c t ion  head loss  from maximum 
reservoir elevation, The velocity head ooefficient, u , is given by the  
d i f f e ~ e n c e  in the hypothetical and t rue energy l ines,  

Table 1 shows hydraulic model values, converted t o  prototype 
quantit ies,  No attempt has been made t o  correct prototype values fo r  
possible difference i n  prototype and model values of n because of the 
uncertainty of these values and the effect  of entrained air, The point t o  
be noted i s  tha t  the  velocity head coefficient,  a ,  inherent in the  veloc- 
i t y  dis tr ib~; ; ion,  i s  important i n  detemining the t rue  energy line f o r  high 
velocity flow. Values of a are i n  agreement with those of previous inves- 
t igations.  A paint of in teres t  i s  tha t  a increases i n  value as the velocity 
increases, which i s  i n  agreement with the theory of increased turbulence 
f o r  higher velocities. 
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+Dfffemme between water surface andl energy Pine elevati~ns, 

StilJ-.ubats.@ invest a&Mnq, !ha original plan was to the -- 
jst ~ h a - d  w i T o u t  the  use of any type of artlf1cici.l 
stilPbg-barafra, S h e  &he ecmyora U s  a m  of good sock, no ex~easlve 
aeoukfng was an%ieXpated, Thew was same concern, howcsver, on the heighe 
that gm-B bar% mfgiR form downstreem, A bar would raise the tailwater 
in the powe~harass eaff.arae, effec&fvely redue* t h e  power head, 

A series ob r&s wara d e  t o  investigate the nature of the dowhattsam 
bar (Figma 17 to 21, holusftre), A a e o w h g  laa&arfal, mpreaentatiw 
of tho river o t l e r ~ e n 9  was thought ta be appmximated by a mixture 01 

1 75 percent of I/& to 1-!bh p i t  m gravel axxi 25 pekeen% of Chorw Cxwk 
do The rsand, scald to  prototype dhemions, would be ~epreaentative 
of pebbles, and the 1-inch gravel to abut >foot &inch mck, 

For no condition8 of flood did deetructive eddiea t o m  at the 
domatream toe of the earbh dam, but scouPfng o c c u m d  w e l l  downatsasaa, 
The maultimag gravel bar h a m e  b r g e ~  d moved fartiher downstflsclun fop 
floods up to 7,500 eeeorsd-fed, For l q e ~  iYoo$d9 t h e  grave1 was casrJled 
out, of the mcdel, In F Q w e  P9A, a gravel bas-crerst euvelope i e  dram 
from the sxperhmnstil dab., A tangen% line to t h e  envelops burns 
hokfrcontal for a flood of about 10,000 second-feet, The 8ignIf fc~nce  is 
that the highsat bar formed for t h i s  flood, FOP larger floode, both 
wlocities become sufficiuntly above cri t ical  fop the bed material so 
that the bar flattened &.ad not Build up as high. 



material ,  tho model gives only an indication tha t  a bar of consid- 
erable  heighb w i l l  be formed, ldhethc~ the  bar w i l l  bs a s  high OY 
higher than the 16 fee% shown by the model wf l l  depend upon the 
similarity of scouring and duration and r a t e  of subsidenee of the  flood, 
FOP a slow r a t e  of sublaidence, much of  the  bar may be washed dormstrc~am 
a s  the  damstrwram tailmaterc. falls, 

The best  f i e l d  plan f s t o  invest igate  the b a ~  a f t e r  each f l o d  and 
to  determine the f e a s i b i l i t y  of excava'tlng the bar to pegain the 108% 
power head, Figum 133 shous t ha t  when the  bar, reauPthg  from t h e  
f i r s t  flood, was wavated t o  thc o r ig ina l  riverbed, a second fload of 
the  same in tens i ty  f o m d  a second b s  f a r the r  downstream but not aa 
high as the  f frst, 

A s  the  39% shoots d m  the canyon, i t s  excess kinet ic  energy -1 
be expended i n  turbulence and bsundav f r i c t i on ,  When su f f i c i en t  energy 
has been expended t o  result i n  t ranqui l  flow, a semblance of a hydraulic 
jump w i l l  form, After several  31~1311 floods and perhapa a large one, t he  
gravel overbuPd~n w 9 1 1  lx carr ied a quarter of e mfPa o r  more downstreaslr 
and beyond t he  distance required t o  produce t ranqui l  flow in the rock 
channel, With the  overbua.dm beyond peach of t he  high veloci ty  je t ,  
fur ther  formation of bars need not be anticipated,  Figure8 U3 a d  19 
show the  natural  s t i l l h g - p o l l  in  operation f o r  fourc discharges, 
Ffgures 20 and 21 ahow 'the o r i g h l m o d e l  bed and the model erosion f o r  
three discharges, 

D,olee-.bPrc k& s t i l l  Ebeause of $.he possible cos t  of 
gravel  bar exeavation o r  head, rt was desirable  t o  fnverr- 
t i g a t e  t he  f e a s i b i l i t y  of a ~oPlez.-.bucket s t i l l ing-basin,  S i x  bucket 
designs were tes ted m the  model ( ~ f g u r e  22A, B, and C),, 

Bucket Deslgn No, l had the dimensions: 40 dm% radius, lOef& 
depth, and 30-foot width, Model operatIan showed t h i s  bucket to be 
sa t i s f ac to ry  f o r  dischargcrrs up to 5,080 second-feet, 

Bucket No, 6 was the  same a s  No. 1, except t h a t  the invert was 
20 fee% l o u w  (hc;ke$ depth U 0  fea t ) ,  This buck& proved s a t f s f w h r y  
f o r  7,500 secondl.%ee~. Atcordmg t o  the  nodel performance, thfrs bucket 
should be about 100 fee% wida 'Lcs ~ c d z t a  a 25,000.-secoll(i-fo& f1ood, 

I 
Buckets :Jos, 2, 3, 4, and 5 had t h e  w e  bucket dimensions as 

No, 6, but t he  shape of' excavation beyond t h e  end of the bucket was dif-  
fe ren t  for each, A l l  of theae designs w e r e  inferior to No, 6 ,  No, 2 
was d e f i n i t e l y  t h e  poorest design, since the j e t  followed the  1 t o  1 
upward slope with l i t t l e  retardation,, These t e s t a  M i c a t e  t h a t  the  
extent  and shape o f  exeavatbn beyond the end of t h e  bucket do influence 
the bucket dinnensfons, The designs improved in t he  order t h a t  they am 
numbered except f o r  No, 1, which compared with 190, h ,  

The r e su l t s  of the  study showed t h a t  the cos t  of any bucket would 
be prohibit ive,  so t he  study was discontinued, 
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t o  dotennine the f eas ib i l i ty  d f  t h i s  type of basin, but-the dimensions for  
30-, 50-, and 90-foot width b a s h s  (Figure 22D) were determined from the  
design chart  of of f ice  memorandum t o  Engineer 3, E, Warnock, June 8, 1938, 
subject, f lSt i l l ing-bash deuign f o r  rectangular spillway chamnels .w The 
moat economi~al width must be determined by a cost  analysis, A comparison 
of the r e q u i d  excavation fo r  the bucket and horizontal-type basins ahows 
very conelusively tha t  the cost of t h e  l a t t e r  would be by f a r  the  smaller. 

The above comparison brings out the conclusion tha t  the use of each 
type of basin depends mainiy on the tailwater conditions, The depth of 
water required in the bucket fop satisfactory opwation is considerably 
more t h a n  tha t  required to  form a good Jump i n  t h e  horizontal basin, 
When the height of tailwater above the riverbed is much in  excess of the 
required d jump depth, Set ter  flow conditions w i l l  ex i s t  in the  bucket 2 basin and XI some eases the cost be less ,  When the  height of tail- 
water above the riverbed is  l e s s  than the required d2 jump depth, then 
the cost of the horizontal baain w i l l  in a l l  cases be leas t ,  

THE OUTLET VALVES 

The prrpoas of the  out let  valve studies was to ca l ibra te  s scale 
model of a valwe and convert the  resul t s  to prototype discharges, The 
tur, prototype valves are located in the downstream end of the power 
house, Figure 2, Details and dimensions of the 1 t o  8,333 scale  model 
valve are shorn in Figure 23, The nzodel valve was comecled to a 
pressure tank foe accurate measurement o f  the head, The prototype 
discharge chart  for one valve operating prepared from these t e s t a  is 
a h m  i n  Figure 24, 











Figure 4 

B. 400 FEET W I U S  INLET 25,000 SECOND-FEET . 
I 
I 



A .  200 FET RADIUS INLET. 



NOTES 
I Free d~schorge over crest bored on exper~mentol dot0 from 

stud~es on Green Mountoln Dom Splllwoy Model 
2 D~schorge throu h Gates %Sed on Orltcce formulo 

a = 8 c.L+ (HH- H, 
Where. Q = ~tscRoroe .. - - 

L = Crest o i  dam = 751 
ti : Head on crest = Res W S.elevot~on -Crest elevotlon 
M- Head on bottom of gote ( t o p  of orlflce) 
C.: D~schorge coefflc~ent = 0.70 based onmodel studles 

of Wheeler ond Stewart Mountan doms 

GREEN MOUNTAIN  DAM 
D l  S C H A R G E  C U R V E S  F O R  S P I L L W A Y  D I S C H A R G E  

THREE GATES OPERATING AT SAME LEVEL 



DISCHARGE COEFFICIENT .C" 

COLORA00 - BIG THOMPSON PROJECT-COLD. 

GREEN MOUNTAIN DAM SPILLWAY 
COMPARISON OF EXPERIMENTAL AND THEORETICAL 

;F 

SPILLWAY DISCHARGE AND COEFFlClEfUT CURVES 
--" 



0 

d 
C) 

SPILLWAY SC4LE OF FEET 

Q,,: 13.41 FT, V,. 67.0 FPS. 

\ 
0 m 

5: 
t 

C 

m 0 0 
,.Max Res w s  EI 7950.21 o a V) 

STATION 10+50 . STATION 13+53  
3 3 0,: 9 95 FT, Vm: 31 5 EPS 0,:12.33 FT; V,: 77  4 FPS 

o, STATION 14 954 
+ Omi l l  32 FT; Vmi861 FPS 

Water sur face p r a f ~ l e  olonp center ltne'. 

M a x ~ m u m  wutar  s u r f a c e  ~ r o f ~ l e  along s ~ d e  walls '- 

i 
. Hor~:c)nlol l ~ n e  

STATION 15+98 
h a l ! . 3 7  FT; Vm. 85.6 RRS. 

STATION la + ss 
Dm~10.60 FT; Vm= 93.2 F.!?S. 

STATION 17 96 
0,,,=10.32 FT; Vm= 96.4 F.ES 

STATION 18 + 61 
0,:9.76 FT; Vmc 102.7 EES 

STATION 19 + 33 
&: 9.60 FT; V,z 104.8 F.P.5. 

L, 
Q 

1 

'i 
i.i CBLORAOO BIG TOUPSON PROJECT-.COLO. 

GREEN MOUNTAIN DAM SPILLWAY 
EXPERIMENTAL WATER SURFACE 

STATION 9 + 90 STATION 11+20 STATION 1 1  +86 PROFILES IN ORIGINAL CI-hJTE DESIGN 
Dm:21 70FT,Vm:143 FPS Dma 9 45 FT; Vms 43 8 EPS Dm:lO84 FT, Vm.59 3 FPS. TRANSVERSE SECTIONS TAKEN 

NORMAL TCi CHUTE FLOOR 
DISCHARGE- 26 ,000  S. F. 



Figure 9 











S T A T I O N  10+50 

- 
--- . - I - .  - -  - -_______ _------ ------ 0 









E X P L A N A T I O N  
Stable bar formations: --- 2,500 S.F. --- ---- 5,000 S. E 

7,500 S.F. 

Gravel bar crest envelop- ---.. 

Approximate ground line-., 

7680 - 

20'00 21+00 22+00 23+00 24+00 25+00 26'00 27.00 28+00 

" * 

A. CENTER-LINE PROFILE OF GRAVEL BAR FORMATIONS 
FOR VARIOUS DISCHARGES 

E X P L A N A T I O N  
Stable bar formations: 

7,500 S.F: Origtnol bed at ground l ~ n e .  -- 7,500 S F: Original bed with bar of above 
run excavated to €1.7690. 

7720 - 

7680 - 4 - - - - - ~ o c k  l ine El. 7678 

Stations 

6. GRAVEL BAR FORMED BY A SECOND FLOOD AFTER THE 
BAR RESULTING FROM A FIRS? FLOQD IS 

EXCAVATED TO T H E  ORlGlPdAL RIVER BED 

--- 

COLORADO BIG THOMPSON PROJECT-CaO. 

GREEN MOUNTAIN DAM SPILLWAY 
SCOUR STUDIES 
















